Dual specificity phosphatase 6 gene (DUSP6) is a candidate for bipolar disorder and schizophrenia due to its positional and functional significance. DUSP6 gene is located on chromosome 12q22-q23, 1 a region frequently implicated in linkage studies of major psychiatric disorders. 2, 3 Also known as mitogenactivated protein kinase phosphatase 3 (MKP3), DUSP6 additionally plays a key role in regulating extracellular signal-regulated kinase (ERK) 1/2 pathway which is implicated in pathophysiology of major psychiatric disorders. 4, 5 Although Toyota et al. (2000) reported a lack of association between Japanese bipolar patients and T/G polymorphism (rs2279574, Leu114Val) in DUSP6 gene, 6 a number of recent findings strongly suggests the involvement of DUSP6 in mediating psychiatric manifestations. For example, DUSP6 mRNA increases after electroconvulsive seizure in rat brain. 7 Also, atypical antipsychotics and mood stabilizers stimulate ERK pathway involved in synaptic plasticity and long-term potentiation. 8, 9 Moreover, MAPK cascade that includes DUSP6 activation is essential for the regulation of circadian rhythm genes, which is another possible etiology of bipolar disorder. 10 Unfortunately, despite its pathophysiological significance, available data on the genetic association of DUSP6 gene are limited. We thereby examined its association with the two major psychiatric disorders, namely bipolar disorder and schizophrenia, in the Korean population.
One hundred and thirty-two bipolar subjects, 160 schizophrenics and 336 healthy controls were included in this study. All were unrelated Koreans and all patients met DSM-IV criteria for bipolar disorder or schizophrenia. All patients were interviewed with the Korean version of Diagnostic Interview for Genetic Studies and the diagnoses were made through diagnostic consensus meeting. The informed consent was obtained before this study approved by the ethics committee of the Seoul National University Hospital. Genomic DNAs were extracted from subjects' blood sample. The T/G polymorphism of DUSP6 gene was genotyped using TaqMant method (Applied Biosystems). Primer sequences were 5 0 -CCTCGTCCTTGA GCTTCTTGA-3 0 for forward primer and 5 0 -GCTGTGG CACCGACACAGT-3 0 for reverse primer. We assumed that the less frequent allele contributed to bipolar disorder and schizophrenia and set the significance level to P = 0.05, whereby obtaining the powers of 78.0 and 90.0% (OR = 2.0; mode of inheritance: dominant), respectively.
Genotype distributions in bipolar disorder and schizophrenia, as well as controls, were in HardyWeinberg equilibrium. G allele was significantly more common in bipolar patients than controls (OR = 1.382, 95% CI 1.037-1.843), but there was no difference between schizophrenic patients and controls. G allele frequency was also significantly increased in female bipolar patients compared to female controls (OR = 1.699, 95% CI 1.139-2.444), but there was no group difference in males (see Table 1 ). When allele (P = 0.067) and genotype distribution (P = 0.140) were compared between the bipolar and schizophrenia groups, no significant difference was found. However, G allele was observed more commonly in bipolar females than their schizophrenic counterparts (OR = 1.780, 95% CI 1.083-2.927).
Our evidence derived from the case-control-based sample set suggests an association of DUSP6 gene with bipolar disorder but not with schizophrenia. The discrepancies between our result and that of Toyota et al. 6 may be attributed to the genetic heterogeneity between the two different ethnic populations. G allele frequency of controls in the Japanese population was 0.47 compared to 0.39 in the Koreans. Although genotyping method is different between the two studies, genotyping error was carefully ruled out by genotyping reexamination. However, the possibility of type I error in our result should be noted since the P-value was not adjusted for multiple testing.
In particular, our finding suggests a gender difference in genetic risk factors despite lack of gender difference in lifetime prevalence of bipolar disorder. ERK pathway and DUSP6, in conjunction with circadian rhythm regulation, 10 may contribute to development of bipolar disorder in female subjects. Clinical variables of bipolar disorder associated with circadian rhythm, such as rapid cycling or seasonality, are known to be more common in females.
In conclusion, our results demonstrated for the first time that in the Korean population DUSP6 gene may contribute to the etiology of bipolar disorder, but not to schizophrenia. Our finding is in line with reports of linkage between bipolar disorder and chromosome 12q and with functional significance of DUSP6 in bipolar disorder. 
